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Abstract 
This research discusses about mangrove density mapping and monitoring on tin mining area. The tin mining area refers to 
unconventional mining, which is a tin mining activity using simple mechanical instrument. Tin mining activity has been long 
existed in Bangka Belitung, conducted legally and illegally. Tin mining activity makes coastal supporting ecosystems such as 
mangrove cannot play their role normally. One of the regency in Bangka Belitung, which its coastal area is affected by un-
conventional mining, is South Bangka. The aim of this study is to monitor and measure the mangrove density changes. This research 
use Landsat data acquisition from year 1997, 2009 and 2014 through NDVI analysis. The result shows that tin mining activity in 
South Bangka coastal area causes reduction in mangrove density. The field studies indicated that 4 types of mangrove was found.
The types of mangrove are Avicennia marina, Sonneratia caseolaris, Rhizopora mucronata, and Xylocarpus granatum. Mangrove 
management is needed in order to maintain the quality of coastal ecosystem. Moreover, the regulation and monitoring of the mining
activity should be issued by the government to support environmental sustainability. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of LISAT-FSEM2015. 
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1. Introduction 
Tin mining activity has been long existed in Bangka Belitung, conducted legally and illegally. At the beginning, 
the tin mining activity take place only in mainland, but now has been expanded to the coastal area. As the impact, 
* Corresponding author. Tel.: +62-812-782-6932. 
E-mail address: sucipuspita1332@yahoo.com. 
 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommon .org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of LISAT-FSEM2015
437 Suci Puspita Sari and Dwi Rosalina /  Procedia Environmental Sciences  33 ( 2016 )  436 – 442 
coastal supporting ecosystems such as coral reefs, sea grasses, marine biotas, even mangrove forests cannot grow and 
function normally. Yáñez-Arancibia et al. [1] discovered that in a long time, mangrove destruction not only leads to 
decline in fisheries but also has negative impacts on adjacent sea grasses and coral reefs because of their 
interconnection. 
 Mangroves are one of the most important ecosystems of coastal and marine areas. They safeguard the ecology of 
the coastal areas and provide livelihood opportunities to the fishermen and pastoral families living in these areas. 
Mangroves also provide indirect benefits through its impact on up gradation of coastal and marine ecosystem. It is 
well known that coastal population succumbs to disasters of cyclones and Tsunamis, incurring heavy losses to their 
properties and live-stock. Mangrove plantation along the coast serves as a barrier to cyclones and Tsunamis and 
protects the people living in coastal areas. Mangroves are considered as one of the fragile ecosystem in coastal areas. 
Mangroves are unique plants capable of surviving under extreme saline environment. The mangrove ecosystem is 
highly productive and plays critical role in economic and social development. Mangroves act as a buffer zone between 
land and sea and protect land from erosion and play an invaluable role as nature’s shield against cyclones, ecological 
disasters and a protector of shorelines. The most favorable mangrove habitats are those having a sheltered environment, 
muddy soils, good rainfall and temperatures ranging from 26 – 28°C. The endangered mangrove ecosystem has been 
accepted as a unique biological setup which needs protection and conservation. Mangroves harbor variety of life forms 
and economically, mangroves are a good source of timber, fuel and fodder and hence are the main source of income 
generation for shoreline communities like fishermen [2]. Mangrove ecosystem plays a crucial role in costal 
conservation and provides livelihood supports to humans. It is seriously affected by the various climatic and 
anthropogenic induced changes. The continuous monitoring is imperative to protect this fragile ecosystem [3]. 
South Bangka is one of regency in Bangka Belitung where its coastal area is affected by unconventional mining. 
Unconventional mining activity damages of the mangrove forest. Mining activity causes loss and reduces the 
mangrove area. This condition makes the mangrove lost its function, in ecological, physical, and economical benefit. 
Based on these situations, research mangrove density mapping is needed. Research is conducted using remote sensing 
technique and GIS. Ramasubramanian et al. [4] discovered that remote sensing is used as a tool for monitoring the 
changes, especially in mangrove forests, because the hilly or swampy terrain is inaccessible and vast. It provides 
relatively accurate information regarding the status of the vegetation in the forest and is cost effective and time saving. 
GIS and remote sensing tools are extensively used to understand the changes in mangrove areas and the recordings 
are used for planning and management. 
Remote Sensing and GIS provide quantitative information on understanding the spatial distribution of mangrove 
forests [5]. Remote sensing technology has been applied in various ways to characterize mangrove ecosystems. Some 
of the documented applications include mapping the areal extent, detecting individual species, and providing estimates 
of structure and parameters such as leaf area, canopy height, and biomass [6]. Remotely sensed data is one of the best 
source of information that can show the location of all areas that have been deforested or degraded or still healthy. 
Moreover, Landsat Thematic Mapper data can be used to define the degree of degradation of the mangrove forest [7].  
Remote sensing technique, due to its synoptic, multi-temporal, coverage and multi-spectral ability in whole range 
from visible to microwave wavelengths, can effectively act as a tool providing advance and reliable information on 
mangrove extent and status of its growth along the coastal areas. The reflectance pattern of the vegetation in visible & 
NIR spectral region gives information on condition of vegetation cover. The various satellite-derived indices such as 
Normalized Difference Vegetation Index (NDVI) and Ratio of NIR & Red wavelengths can also be effectively used 
to monitor the vegetation status and condition of the mangrove ecosystem. NDVI is based on the difference between 
maximum absorption of radiation in red due to chlorophyll and maximum reflection of radiation in NIR due to leaf 
cellular structure. The combination of red and Infrared (IR) bands along with vegetation indices help in distinguishing 
between mangroves, swamps and other vegetation in the wetland zones [2]. NDVI is an indispensable model to 
delineate the vegetation density of the mangrove forest which is useful to identify the health status of forest [8]. The 
NDVI is developed for estimating vegetation cover from the reflective bands over satellite data. Moreover the created 
NDVI images can be used to identify the pattern of changes that had occurred between two different dates [9].  
The main purpose of this research is to identify the vegetation density in South Bangka mangrove forest using 
multi-temporal image data. Therefore this paper endeavored to the NDVI images in South Bangka mangrove forest 
using remote sensing, GIS and field survey. Satyanarayana et al. [10] informed that a combination of ground-survey 
and remote sensing data was very useful for the assessment of mangrove vegetation types. 
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2. Methodology 
2.1. Study area 
South Bangka Regency is located in Bangka Island with total area about 360,708 Ha. Administratively, South 
Bangka is bordered on the land with Central Bangka Regency, another regency in Province Bangka Belitung 
archipelago at north. South Bangka Regency is also bordered with Bangka Strait and Java Sea at west, and bordered 
with Gaspar Strait at east. The research sampling area is located at sub-district Tukak Sadai and Toboali. Activities of 
the study consist of observing mangrove community structure, measuring environment parameter, and processing 
digital image. The study locations are in 4 villages, there are Pasir Putih, Telek, Tukak, and Batu Perahu. Map location 
of study area is shown in Fig. 1. 
Fig. 1. Map location of study area. 
2.2. Materials and methods 
Multi-temporal satellite data of Landsat and topographic map scale 1:50.000 were used in this research. Data of 
Landsat (Path/Row: 123/062) date acquisitions are 4 August 1997, 5 August 2009 and 24 July 2014. Digital image-
processing software ENVI 4.3 and ArcGIS 9.3 were used to process, analyze, and integrate spatial data to reach the 
objectives of the research. The data were projected to Universal Transverse Mercator (UTM) coordinate system, 
Datum WGS 1984, zone 48 S. Multi-temporal satellite data were visualized to False Color Composite (FCC) format 
and the mangroves were identified using visual interpretation technique. FCC images were used to digitalize and 
classify mangrove. At the next step, NDVI transform was performed for estimating the vegetation cover and assessing 
the mangrove density. 
The greater the amount, the brighter the pixel will be. The NDVI is calculated using spectral reflectance 
measurements acquired in the red and near-infrared regions. The NDVI algorithm subtracts the red reflectance values 
from the near infrared and divides it by the sum of the near-infrared and red bands. Thus, the NDVI itself varies 
between -1.0 and +1.0. The NDVI emphasizes on the differences in the spectral response of different features and 
reduces the impacts of topographic effects and illumination. The NDVI has been shown to be highly correlated with 
green biomass, crown closure, and leaf area index, among other vegetation parameters [11]. The NDVI is used as a 
pre-classification step to separate mangrove vegetation from the other vegetation. The NDVI data layer is defined as:  
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The value of NDVI varies between -1.0 and +1.0. The vigorously growing healthy vegetation has low red-light 
reflectance and high near-infrared reflectance. Therefore, it produces high NDVI values. The mounting amount of the 
positive NDVI values indicates the increasing amounts of green vegetation. Meanwhile, the NDVI values near zero 
and decreasing negative values indicate non-vegetated features, such as barren surfaces (rock and soil) and water, 
snow, ice, and clouds [12]. 
3. Results and Discussion 
3.1. Mangrove condition in field study 
Ground survey was carried out in 4 sites of tin mining area at sub-district Tukak Sadai and Toboali. Field survey 
transect of 10 x 10 m quadrats were applied in each locations and each sites consist of 3 quadrats. Quadrats were 
adjusted only to enumerate mangrove trees composition. Mangrove condition in field study was measured by counting 
the community structure and assessing environment parameters. The field studies indicated that 4 types of mangrove 
were found. The mangrove species were Avicennia marina, Sonneratia caseolaris, Rhizopora mucronata, and 
Xylocarpus granatum. The types of mangrove found in these areas grew on argillaceous sandy soil land and sand, with 
high salinity range and typical rooting system which can resist strong waves. The highest density value in the sampling 
area was Rhizopora mucronata approximately 289 ind/900 sq-m, located in Tukak. The density shows the number of 
species as members of the type of a plant community. The highest mangrove species density based on observation was 
Rhizopora mucronata because this mangrove type has good regeneration ability and supported by suitable 
circumstances to grow.  
The highest number of mangrove species frequency in all study sites was Rhizopora mucronata. The frequency 
indicated that Rhizopora mucronata grows widely and this species can be found in every sampling location. Important 
Value Index shows the role of the type in the community. Based on the measurement, the highest Important Value 
Index was found on Rhizopora mucronata. The Important Value Index was related with Rhizopora mucronata wide 
distribution and it’s valuable for the mangrove community. 
Most of the mangrove genera and families are not closely related to each other, but what they have in common is 
their highly developed morphological, biological, physiological, and ecological adaptability to extreme environmental 
conditions. The most important characteristics to achieve this kind of adaptability are pneumatophoric roots 
(Avicennia, Sonneratia species), stilt roots (Rhizophora, Brugueria, Ceriops species), salt-excreting leaves, and 
viviparous water-dispersed propagules. Mangroves build communities parallel to the shoreline. The species 
composition and structure depends on their physiological tolerances and competitive interactions [13].  
Tin mining activities in mainland forming an artificial lake and used to call it “kolong” by local people. Kolong is 
described as abandoned hole which was filled with water (e.g. rain). Mining activities occurred not only in mainland 
but also in coastal area. Tin mining activities affected the vegetation around mining sites (e.g. mangrove). Condition 
of tin mining area in coastal and mainland are shown by Fig. 2. 
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Fig. 2. Tin mining area. 
3.2. Mangrove density mapping 
Mangroves are highly productive intertidal ecosystems in tropical and subtropical regions. Despite the established 
importance of mangroves to the coastal environment, degradation of this system continues mainly due to 
anthropogenic pressure [14]. Human activities and natural disaster may bring affect for mangrove existing and its 
density. Tin mining is one of activities leading to the decrease of mangrove forest area in Tukak Sadai and Toboali. In 
order to assess mangrove distribution, the mangrove density changes should be monitored through mapping. In this 
research, mangrove density were divided into 3 classes build upon histogram of NDVI transform which adjusted in 
each Landsat images. Mangrove density classes were divided as sparse, moderate and dense based on NDVI range in 
each images. Kanan [15] stated histogram statistic was generated for the NDVI images. Based on the histogram, 
maximum and minimum NDVI values are identified for the image corresponding to mangroves. Vidhya et al. [3] 
mentioned that vegetation density shows the health status of the forest which depends on the percentage of the canopy 
cover of the mangrove forest in the area. Dense mangrove shows good health status of mangroves which indicates tall 
trees, fine distribution, diversity extent and excellent local habitat for the mangrove growth.  
Mangrove density changes in Tukak Sadai and Toboali, mainly caused by tin mining. Overall, mangrove coverge 
area dropped from 2,807.79 in 1997 to 1,596.38 in 2014. However, the coverage of dense mangrove in 2014 was the 
highest compared to 1997 and 2009. In addition, mangrove area around the mining area is conservation forest. Map 
of mangrove density of year 1997, 2009 and 2014 are shown by Fig. 3, Fig. 4 and Fig. 5. The coverage area of 
mangrove density classes are shown by Table 1. 
Table 1. Coverage area of classified mangrove density at sub-district Toboali and Tukak Sadai. 
Classes of mangrove density 
Coverage Area (Ha) Percentage 
Year 1997 Year 2009 Year 2014 Year 1997 Year 2009 Year 2014 
Sparse  2,435.66   1,663.08   547.66   86.75   77.20   34.31  
Moderate   364.12   93.60   170.10   12.97   4.34   10.66  
Dense   8.01   397.53   878.62   0.29   18.45   55.04  
Total  2,807.79   2,154.21   1,596.38   100.00   100.00   100.00  
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Fig. 3. Map of mangrove density 1997. 
Fig. 4. Map of mangrove density 2009. 
Fig. 5. Map of mangrove density 2014. 
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Table 1 illustrates the percentage of classified mangrove density at Toboali and Tukak Sadai during 17 years (from 
1997 to 2014). Overall, the percentage of mangrove coverage area declined over the timeframe. There was a significant 
decreased in sparse class from 86.75% to 34.31%. Less change was seen in moderate class. Percentage of moderate 
mangrove dipped slightly from 12.97% in 1997 to 10.66% in 2014. However, percentage of dense mangrove rose 
sharply from 0.29% to 55.04% in 2014. 
4. Conclusion 
In conclusion, coastal area monitoring through remote sensing and GIS could detect mangrove area changes 
because of mining activities. Moreover, further analysis is still needed to identify the changes caused by mangrove 
growth or planting due to rehabilitation. Field survey and image interpretation show that mangrove density had been 
decreased approximately 1,211.41 Ha from 1997 to 2014, and types of mangroves found on ground check area were 
Avicennia marina, Sonneratia caseolaris, Rhizopora mucronata, and Xylocarpus granatum. In addition, type of 
mangrove could grow in tin mining area were Avicennia marina and Rhizopora mucronata, because this mangrove 
has good regeneration ability and supported by suitable circumstances to grow. 
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